We prove the global existence of weak solutions of the Navier-Stokes equations of compressible, nonbarotropic flow in three space dimensions with initial data and external forces which are large, discontinuous, and spherically or cylindrically symmetric. The analysis allows for the possibility that a vacuum state emerges at the origin or axis of symmetry, and the equations hold in the sense of distributions in the set where the density is positive. In addition, the mass and momentum equations hold weakly in the entire space-time domain, but with a nonstandard interpretation of the viscosity terms as distributions. Solutions are obtained as limits of solutions in annular regions between two balls or cylinders, and the analysis allows for the possibility that energy is absorbed into the origin or axis, and is lost in the limit as the inner radius goes to zero.
Introduction
We prove the global existence of weak solutions of the Navier-Stokes equations of compressible, nonbarotropic flow in three space dimensions with initial data and external forces which are large, discontinuous, and spherically or cylindrically symmetric. In the latter case the spatial region is an infinite cylinder, and in the former a ball. In both cases the velocity and temperature gradient vanish at the boundary. The analysis allows for the possibility that a vacuum state emerges at the origin or axis of symmetry, and the equations hold in the sense of distributions in the set where the density is positive. In addition, the mass and momentum equations hold weakly in the entire space-time domain, but with a nonstandard interpretation of the viscosity terms as distributions. The energy equation is shown only to hold weakly on the support of the density. Solutions are obtained as limits of solutions in annular regions between two balls or cylinders, and the analysis allows for the possibility that energy is absorbed into the origin or axis, and is lost in the limit as the inner radius goes to zero.
The Navier-Stokes equations of compressible, nonbarotropic flow express the conservation of mass and the balance of momentum and energy as follows: P (ρ, θ) 
Here x ∈ R 3 is the spatial coordinate, t > 0 is time, ρ, U = (U 1 , U 2 , U 3 ), θ, E = 1 2 |U| 2 + θ, and P = Kρθ are respectively the density, velocity, temperature, energy density, and pressure of an ideal fluid (with unit specific heat); µ and λ are positive viscosity constants, and κ is a positive heat-conduction coefficient; F 2 , F 3 ) is the external force, and ∇U denotes the Jacobian of the velocity vector with respect to the space variables. We pose the system (1)-(3) in either a ball of radius b centered at the origin in R 3 , or in an infinite cylinder of radius b parallel to and centered along the x 3 axis in R 3 , also denoted by . In both cases we impose the boundary conditions
and we denote the initial conditions by
For the symmetric cases under consideration here, (1)-(3) take the form
where ν := λ + 2µ, ∂ ∂ξ = ∂ ∂r + m r , m = 1 or 2, and Q is the homogeneous quadratic
Although not immediately apparent, it is straightforward to check that Q is positive definite in u ξ , u/r, v r − mv/r, and w r . In the spherically symmetric case, m = 2, r(x) = |x|, U(x, t) = u(r, t) x r , F(x, t) = f 1 (r, t) x r ,
